Introduction {#s1}
============

Children with specific language impairment (SLI) have traditionally been diagnosed by exclusionary criteria; i.e. language difficulties in the absence of significant motor, sensory or nonverbal cognitive limitations. However, there is accumulating evidence of non-linguistic deficits in their profile, particularly memory difficulties, and a recognition that these children's pattern of difficulties may shift with maturation. There is also evidence of a strong genetic influence on the manifestation of SLI with a complex pattern of inheritance [@pone.0056314-Newbury1]. Nevertheless, there is a need to explore underlying cognitive or psycholinguistic 'endophenotypes' [@pone.0056314-Bishop1], both to strengthen genetic knowledge and to understand the functioning of children with the condition. Limitations on phonological short-term memory (PSTM) [@pone.0056314-ContiRamsden1], difficulty using morphological affixes [@pone.0056314-Leonard1], an impairment of computational syntax [@pone.0056314-vanderLely1], an auditory perceptual/processing deficit [@pone.0056314-Tallal1] and a generalised limitation of processing speed or central executive [@pone.0056314-Leonard2] have all been proposed as loci of impairment. Of these suggestions, general processing, PSTM and grammatical morphology have received particular attention. The most extensive body of research supports the difficulties children with SLI face with PSTM and with grammatical morphology, and provides evidence for the heritability of both factors, although they arise from separate genetic locations [@pone.0056314-Bishop1]. What is less clear is whether these types of difficulties predict progress in children with SLI at different stages of development.

PSTM, morphological knowledge and language functioning in children with SLI {#s1a}
---------------------------------------------------------------------------

In an evolving model of working memory, Baddeley [@pone.0056314-Baddeley1]--[@pone.0056314-Baddeley2] sees PSTM as a domain-specific area for the temporary storage of verbal information. It reports to a domain-general central executive which oversees and coordinates aspects of attention and memory in cognitive tasks. Research into the memory capacity of children with SLI has consistently shown deficits which appear predominantly domain specific as fewer children with SLI appear to have difficulties with visuospatial memory tasks [@pone.0056314-Archibald1]. Gathercole and Baddeley [@pone.0056314-Gathercole1] were among the first to demonstrate that nonword repetition was a marker of SLI as it discriminated between children with language disorder and either age or language matched typically developing (TD) controls. Nonword repetition has since been widely used in research with children with SLI. There is robust evidence that children with SLI have nonword repetition deficits at a group level, even in children with a history of language difficulty in whom overt symptoms have resolved [@pone.0056314-ContiRamsden1] [@pone.0056314-Archibald2]--[@pone.0056314-ContiRamsden2]. Sensitivity and specificity of the task is high when comparing groups of clinically identified children with SLI and their typically developing peers. However, the task is less discriminating in population studies [@pone.0056314-EllisWeismer1] and it is also known that a small but notable proportion of children with SLI have intact nonword repetition skills [@pone.0056314-Bishop3].

Nonword repetition has been seen, until recently, as a relatively pure measure of PSTM compared, for example, to word repetition which is more directly influenced by lexical/semantic knowledge [@pone.0056314-ContiRamsden3]. However, there is currently debate as to what other types of knowledge may influence performance on nonword tasks. There is evidence, for example, that children's lexical and sublexical knowledge impact on children's performance [@pone.0056314-Gathercole2]. Children with SLI are likely to have limited knowledge and processing in this area, thus poor performance in nonword repetition tasks is likely to reflect lexical limitations as well as PSTM constraints. Arguably, lexical knowledge and PSTM are interdependent. What is important to point out is that although nonword tasks are likely to be influenced by other types of knowledge, there is agreement that it does tap, at least partly, PSTM abilities (see Coady & Evans [@pone.0056314-Coady1] for a review).

Morphologically, English-speaking children with SLI have long been noted to have difficulty marking tense and agreement via the third person singular *--s*, copular or auxiliary *is/are*, and the past tense *--ed.* Use of finite verb morphology was found by Bedore and Leonard [@pone.0056314-Bedore1] to be sensitive and highly specific in identifying pre-school children with SLI, and their difficulties extend into the school years. Thus, linguistic morphological knowledge appears to be related to overall language functioning in children with SLI. It has been proposed that children with SLI see such marking as an optional rather than an obligatory feature of their language and that this phase of development lasts for much longer than in typically developing children; the Extended Optional Infinitive theory [@pone.0056314-Rice1]. The coherence of this theory and the consideration of grammatical morphology as a marker of SLI are supported by demonstration of generalisation following intervention across morphemes with dissimilar surface forms [@pone.0056314-Leonard3].

More recently, there has been recognition of the value of sentence repetition (or sentence recall) as an indicator of language functioning in SLI. Of four potential markers investigated by Conti-Ramsden et al. [@pone.0056314-ContiRamsden1] (the others being past tense provision, third person singular use and nonword repetition), sentence repetition showed the best combination of sensitivity and specificity in categorising children into SLI or TD groups, regardless of current level of language ability (i.e. even in children whose surface performance on language measures had resolved). Archibald and Joanisse [@pone.0056314-Archibald3] confirmed the value of sentence repetition as a marker of language impairment, combining high sensitivity and better specificity than nonword repetition.

There remains a lack of clarity as to the underlying impairment or impairments which lead to difficulty with language functioning as evidenced by sentence repetition difficulties. The task involves short term memory storage but there are additional linguistic factors, both grammatical and semantic, among others, which are also likely to contribute [@pone.0056314-Marshall1]. Riches et al. [@pone.0056314-Riches1] showed a significant relationship between digit span and sentence repetition errors in children with language impairment, as well as a strong association between sentence repetition and nonword repetition, thus emphasising the contribution of memory to performance in this task. In contrast, Poll et al. [@pone.0056314-Poll1] found that neither forward nor backward digit span significantly correlated with either nonword or sentence repetition in a group of adults with SLI, suggesting that sentence repetition performance is not purely a function of memory and also that it may vary at different stages of maturity. Conti-Ramsden et al. [@pone.0056314-ContiRamsden1] suggest that sentence repetition performance is influenced by a number of factors including both short term memory and established language abilities such as grammatical morphology, both of which appeared impaired in their sample of children with SLI. Indeed, the multifactorial nature of the sentence repetition task, including demands on both memory and specific aspects of language, may be what makes it such a valuable marker [@pone.0056314-Poll1]. The linguistic component of sentence repetition may either support performance of language-competent children who can make use of the added predictability of sentence content and form, or hinder children with language difficulties due to its demands on an area of impairment.

Sentence repetition is also a valuable marker of SLI because it does not correlate strongly with nonverbal abilities, i.e., performance IQ (PIQ). Researchers have pointed out that clinical markers of SLI should be largely independent of PIQ as one is interested in identifying the language deficits of individuals and not their general learning ability. Sentence repetition, as well as nonword repetition and grammatical morphology, have been found not to be correlated with PIQ in children with SLI [@pone.0056314-ContiRamsden1] [@pone.0056314-Bishop2] [@pone.0056314-Rice2] with values ranging from .16 to .24 and sentence repetition yielding the lowest correlations. This pattern has also been observed in TD children with values ranging from .01 to .24 ([@pone.0056314-Bishop2]; correlations based on data from [@pone.0056314-Lum1]; [@pone.0056314-Rice3]).

A picture is building of children with SLI being characterised, at least partly, by a combination of difficulties, some related to specific aspects of language, some related to phonological aspects of short term memory. There is also increasing evidence of the value of sentence repetition as a marker of SLI [@pone.0056314-Archibald3], even in children whose surface language performance has evolved to be within normal limits [@pone.0056314-ContiRamsden1]. What needs further investigation is the extent to which memory difficulties in areas such as PSTM and specific linguistic problems such as those involving grammatical morphology, contribute to the ability of individuals with SLI to recall sentences.

Aims of the present study {#s1b}
-------------------------

In this study, we focus on language functioning as measured by a widely acknowledged marker task, sentence repetition, and two predictor factors, PSTM (as measured by nonword repetition) and grammatical morphology (as measured by past tense affixation) both of which have themselves been suggested as markers for SLI [@pone.0056314-ContiRamsden1] [@pone.0056314-Archibald2]--[@pone.0056314-Botting1] [@pone.0056314-Bedore1]--[@pone.0056314-Rice1].

Specifically, this study aimed firstly to examine the sensitivity of sentence repetition to different subgroups of children with a history of SLI and secondly, to investigate the role of PSTM abilities and morphological knowledge in sentence repetition in children with and without a history of SLI. With a few exceptions [@pone.0056314-ContiRamsden1] [@pone.0056314-Bishop2], most of the evidence available regarding the predictor factors (PSTM and tense affixation) has been gathered in early childhood between the ages of 4 and 7 years [@pone.0056314-EllisWeismer1] [@pone.0056314-Rice4]. In contrast, the data in this study focuses on children at 11 years of age. It is important to examine middle childhood in order to increase our understanding of both the trajectory of SLI as a disorder and the potential influences the educational system may have on this. In particular, by the time children are 11 years of age they have engaged in a number of years of primary school education. For most children this age marks the end of primary schooling and the transition to secondary or high school education.

We were able to demonstrate that sentence repetition was sensitive as a marker of different subgroups of children with a history of SLI, regardless of whether they had current or resolved receptive language difficulties. In addition, the processes involved in language production were found to be taxing of PSTM for individuals with a history of SLI in middle childhood in a way that did not appear to apply to TD children of the same age. Memory abilities were a significant predictor of sentence repetition performance in individuals with a history of SLI.

Methods {#s2}
=======

Ethics Statement {#s2a}
----------------

Informed written consent was gained from parents or legal guardians on behalf of the child participants. Ethical approval for the study was obtained from the Senate Committee for the Ethics of Research on Human Beings, The University of Manchester, UK.

Background of Participants with a History of SLI {#s2b}
------------------------------------------------

An initial cohort of 242 children (24% female; 11% had exposure to languages other than English) with a history of SLI were recruited as part of the Manchester Language Study. These individuals represented a randomized sample of all 7-year-olds attending 50% or more of their school week in a language unit in England. Language units are classes that offer specialist language environments. The staff usually includes a specialist teacher and a classroom or speech-therapy assistant; regular speech and language therapy input is provided by a qualified therapist.

All known language units across England were contacted by telephone, and teachers were asked to report how many 7-year-old children were attending more than 50% of the school week. They were also asked about additional difficulties; children with known current hearing loss, major physical disabilities, definite diagnosis of autism or of moderate learning difficulties were excluded at this stage. Thus, no specific "SLI" criteria were used at selection. Rather, enrollment in a language unit and the absence of other diagnoses were used as identification of the sample. However, subsequent analysis showed that 84% of the sample met traditional discrepancy criteria for SLI. Approximately 38% had expressive only difficulties, 53% had difficulties in both expressive and receptive modalities, and 9% were thought by clinicians to have complex or pragmatic language difficulties [@pone.0056314-ContiRamsden4]. Three children had poor nonverbal IQ (\< 70 standard score) but were not thought to be globally delayed, hence the absence of diagnoses of moderate learning difficulties. Thus, the children participating in this study had not been selected a priori on the basis of having met criteria for SLI and they exhibited a variety of types and severity of language impairments. Full details of the initial cohort's profiles of impairment can be found in [@pone.0056314-ContiRamsden5].

At age 11, 197 children were available for follow-up assessment; 49 (25%) were girls, 24 (12%) had exposure to languages other than English, average age was 10;11 years (SD  =  5 months). There is increasing evidence to support the view that SLI is a developmental disorder that can change over time. Several studies have reported a decline in PIQ, relative to age expectations, from childhood to early adulthood, in individuals with a history of SLI [@pone.0056314-Botting2]--[@pone.0056314-ContiRamsden6]. Research from the Manchester Language Study has shown that nearly one third of individuals exhibit a slowing down in the growth of their nonverbal skills from childhood to adolescence [@pone.0056314-ContiRamsden6]. These individuals with a history of SLI who in childhood had nonverbal skills within the normal range do not continue to do so later in development. For convenience, however, the 197 children participating in this study are collectively referred to as having a history of SLI whatever their current cognitive and language status.

Subgroups of Children with a History of SLI {#s2c}
-------------------------------------------

All the above participants had a history of SLI in the absence of significant cognitive motor or sensory difficulties but by age 11 the children's abilities had evolved to different profiles. Given that recalling sentences was the focus of the study as a marker of SLI and this task involves expressive language abilities, children were divided according to their performance on a receptive language assessment task, the Test for Reception of Grammar (TROG [@pone.0056314-Bishop4]), and performance IQ (PIQ) tasks, the Block Design and Picture Completion subtests of the Wechsler Intelligence Scale for Children (WISC-III [@pone.0056314-Wechsler1]). The TROG is a multiple-choice, pictorial test designed to assess understanding of grammatical constructions. The WISC-III subtests used require the child to copy small geometric designs with four or nine larger plastic cubes and to identify missing parts of pictures respectively. The scores on the two WISC-III subtests were combined to form an estimated PIQ. This procedure yielded four subgroups:

SLI - specific language impairment (TROG \< 85, PIQ ≥ 85), N  =  32

NSLI - non-specific language impairment (TROG \< 85, PIQ \< 85), N  =  56

LIQRes - low cognition, resolved receptive language (TROG ≥ 85, PIQ \< 85), N  =  34

Res -- resolved receptive language (TROG ≥ 85, PIQ ≥ 85), N  =  75

The profile of test scores for each of the four subgroups of children with a history of SLI and their original scores at 7 years are presented in [table 1](#pone-0056314-t001){ref-type="table"}.

10.1371/journal.pone.0056314.t001

###### Receptive language and PIQ scores for subgrouping children with a history of SLI at 11 years and original scores at 7 years.

![](pone.0056314.t001){#pone-0056314-t001-1}

                   TROG[a](#nt101){ref-type="table-fn"}   PIQ[a](#nt101){ref-type="table-fn"}                                            
  --------------- -------------------------------------- ------------------------------------- ----------------------------------------- --------------
  SLI subgroup:                  7 years                               11 years                 7 years[b](#nt102){ref-type="table-fn"}     11 years
  SLI                           79.7 (8.5)                            74.2 (6.4)                             112.6 (10.7)                 98.4 (12.5)
  NSLI                          77.0 (6.8)                            72.8 (7.5)                              94.2 (13.1)                 63.5 (11.0)
  LIQRes                       83.5 (10.6)                            94.1 (8.4)                             101.3 (12.2)                  68.4 (9.1)
  Res                          90.7 (11.0)                            98.8 (11.6)                            113.5 (11.6)                 106.2 (15.7)

TROG and PIQ are standard scores (mean  =  100, SD  =  15)

PIQ at 7 years was measured using Ravens Coloured Progressive Matrices [@pone.0056314-Raven1]

Participants with Typical Development {#s2d}
-------------------------------------

A sample of 75 typically developing children, also aged 11 years, was recruited from primary schools in the Northwest of England. These children were attending regular school and had not received any learning support during their schooling (no speech therapy provision, special educational provision or support for hearing difficulties) and were native speakers of English. Thirty six were female (48%) and their average age was 11;0 (SD  =  3.5 months).

Study Tasks {#s2e}
-----------

All children were administered the Children's Test of Nonword Repetition (CNRep [@pone.0056314-Gathercole3]) and a Past Tense morphology elicitation task (PT [@pone.0056314-Marchman1]). Scores for the participants are presented in [Table 2](#pone-0056314-t002){ref-type="table"}. In addition, children were administered the CELF-R Recalling Sentences subtest (RecS [@pone.0056314-Semel1]) which is a sentence repetition task.

10.1371/journal.pone.0056314.t002

###### Memory and morphology scores for subgroups of children with a history of SLI and TD children.

![](pone.0056314.t002){#pone-0056314-t002-2}

            CNRep[a](#nt103){ref-type="table-fn"}   PT[a](#nt103){ref-type="table-fn"}                
  -------- --------------------------------------- ------------------------------------ ------------- ----
  SLI                    27.7 (6.5)                                 69                   31.5 (12.2)   61
  NSLI                   24.1 (9.1)                                 60                   29.0 (12.3)   56
  LIQRes                 27.4 (6.0)                                 69                   38.6 (9.2)    74
  Res                    30.6 (7.5)                                 77                   44.2 (6.8)    85
  TD                     36.4 (3.5)                                 91                   46.8 (4.0)    90

CNRep and PT results are raw scores (maximum 40 for CNRep, 52 for PT)

Materials {#s3}
=========

Children's Test of Nonword Repetition (CNRep [@pone.0056314-Gathercole3]) {#s3a}
-------------------------------------------------------------------------

This test is designed to provide a measure of short-term phonological memory. It consists of 40 non-words which are presented in random order according to a standard phonetic pronunciation. The only departure from the procedure recommended by the authors of the test was that the stimuli were given using live voice with lips shielded to prevent lip-reading, rather than using a tape recording. The test was scored 'on-line' with each item judged as correctly or incorrectly repeated.

Past Tense morphology elicitation task (PT [@pone.0056314-Marchman1]) {#s3b}
---------------------------------------------------------------------

This is designed to assess grammatical usage of verbs in past tense form. This task takes into consideration a number of features of verb tense complexity: verb class (regular vs. irregular), word frequency (high vs. low), stem final phonology (alveolar vs. non-alveolar) and neighbourhoods (friends vs. enemies). Neighbourhoods are defined as verb stems that share stem-final vowel or vowel-consonant phonemes. Some neighbours (e.g. *blow* and *grow*) are "friends" because they are neighbours in their stem and in their past tense form (i.e., *blow* →*blew* and *grow*→*grew*). In contrast, stem neighbours that do not remain neighbours in the past tense are "enemies". For example, *blow*→*blew* and *sew*→*sewed* are enemies because one stem is suffixed, whereas the other undergoes a vowel change. The child is shown a picture depicting everyday activities while the assessor reads a sentence which has a missing word. The child is told to fill in the gap verbally to describe 'what happened yesterday' and the experimenter uses rising intonation to suggest that the sentence is incomplete. There are 52 verbs, both regular and irregular, that comprise the task. The child's response was recorded and scored as correct or incorrect. Substitutions of a different main verb (with or without appropriate past tense inflection) were counted as incorrect as such substitutions are arguably related to features of verb tense complexity, for example, phonological features of items or item frequency [@pone.0056314-Marchman1].

CELF-R Recalling Sentences subtest (RecS [@pone.0056314-Semel1]) {#s3c}
----------------------------------------------------------------

For this task children are given a sentence and asked to repeat it verbatim. Sentences become increasingly longer and more complex. Importantly, responses were scored according to test protocol, as this is the type of information which is readily available to clinicians and researchers working with children with SLI. The instructions for scoring focus on the number of errors made in each sentence: three points are awarded for a completely correct answer, two for a response with one error, one point for two or three errors and zero for four or more errors.

Procedure {#s3d}
---------

Each child was assessed separately by a researcher in a school setting and tests were administered in a quiet space outside the classroom.

Results {#s4}
=======

Analysis of variance (Anova) was carried out followed by 10 post hoc tests in order to examine group differences between the five groups of children. Six correlational analyses (3 for SLI and 3 for TD) were undertaken to investigate relationships among CNrep, PT, and RecS. Two regression models were used to examine the contribution of the predictor variables (CNrep and PT) to performance in the recalling sentence task. Given the number of analyses and comparisons, significance in all cases was set at the .01 level. Effect sizes for multiple regression models were measured by Cohens f^2^ where 0.02 is regarded as a small, 0.15 a moderate and 0.35 a large effect size.

Is Sentence Repetition Sensitive to Different Subgroups of Children with a History of SLI? {#s4a}
------------------------------------------------------------------------------------------

Children's raw scores, by group, on CELF RecS are shown in [table 3](#pone-0056314-t003){ref-type="table"}. Standard scores are also provided to aid with the interpretation of level of performance on the CELF RecS. All data analyses were carried out using raw scores. Initial data examination had revealed one high-scoring outlier in the NSLI group with a raw score of 65. This outlier was removed from all further analyses.

10.1371/journal.pone.0056314.t003

###### Recalling sentences scores for subgroups of children with a history of SLI and TD children.

![](pone.0056314.t003){#pone-0056314-t003-3}

  Group            Mean raw score (SD)   Raw score range   Mean standard score (SD)[a](#nt104){ref-type="table-fn"}
  --------------- --------------------- ----------------- ----------------------------------------------------------
  SLI subgroup:                                           
  SLI                  38.0 (9.9)            22--54                               67.2 (4.0)
  NSLI                 36.8 (13.9)            3--59                               67.4 (4.4)
  LIQRes               49.0 (9.4)            26--67                               73.5 (9.7)
  Res                  54.6 (10.4)           27--74                              80.5 (13.4)
  TD                   63.0 (6.4)            45--75                                 (12.3)

To aid interpretation, subtest scores were transformed to standard scores (mean = 100, SD = 15)

Anova on CELF RecS raw score showed a significant difference for group, (*F*(4, 266)  =  69.45, *p* \< .001) with a large effect size (partial eta^2^  =  0.511). Equality of variance across the groups could not be assumed (Levene's, *F*(4,266)  =  11.89, *p* \< .001), therefore Tamhane's T2 test was used for post hoc analysis, being robust where assumptions for the parametric Anova are not met. Post hoc tests showed significant differences between groups as follows; (SLI  =  NSLI) \< (LIQRes  =  Res) \< TD. CELF RecS raw score thus differentiates among children with continuing language problems (regardless of PIQ status), children with resolved language problems (again regardless of PIQ status), and TD children. However, all subgroups of children with a history of SLI, even those with resolved difficulties and currently performing within the normal range on receptive language, were still on average more than 1SD below the mean performance on the recalling sentences task.

What is the Role of Memory Ability Versus Morphological Knowledge in Sentence Repetition in Middle Childhood? {#s4b}
-------------------------------------------------------------------------------------------------------------

Correlations between all relevant measures were examined in order to check for multicollinearity between potential predictor variables. Multicollinearity was not an issue for any of the models as evidenced by [Table 4](#pone-0056314-t004){ref-type="table"}.

10.1371/journal.pone.0056314.t004

###### Correlations between memory, morphology and recalling sentences raw scores for children with a history of SLI and TD children.

![](pone.0056314.t004){#pone-0056314-t004-4}

  ----------------- ------------------------------------------ ------------------------------------------
  History of SLI:                                              
                                        PT                                        RecS
  CNRep              .44[\*\*\*](#nt105){ref-type="table-fn"}   .54[\*\*\*](#nt105){ref-type="table-fn"}
  PT                                    .                       .64[\*\*\*](#nt105){ref-type="table-fn"}
  TD:                                                          
                                        PT                                        RecS
  CNRep              .42[\*\*\*](#nt105){ref-type="table-fn"}   .43[\*\*\*](#nt105){ref-type="table-fn"}
  PT                                    .                       .53[\*\*\*](#nt105){ref-type="table-fn"}
  ----------------- ------------------------------------------ ------------------------------------------

*p* \< .001

Transformations were applied to the raw scores of all of the variables of interest (RecS, CNRep and PT) to correct for the positively skewed distributions. The procedures that resulted in acceptable distributions (i.e. z-scores \<1.96) were reflected square root transformations for the SLI RecS, CNRep and PT scores and TD RecS scores (each value subtracted from the maximum value + 1 and the square root taken) and reflected natural logarithm transformations for the TD CNRep and PT scores (each value subtracted from the maximum value + 1 and the logarithm to the base e of a number taken).

Multiple regression modelling was conducted with CELF RecS as the dependent variable. The predictor variables, CNRep and PT, were entered together in a single step. Separate analyses were carried out for children with a history of SLI and TD children (see [table 5](#pone-0056314-t005){ref-type="table"}).

10.1371/journal.pone.0056314.t005

###### Multiple regression analysis modelling memory and morphology as predictors of recalling sentences raw score in children with a history of SLI and TD children.

![](pone.0056314.t005){#pone-0056314-t005-5}

              History of SLI[a](#nt106){ref-type="table-fn"}   TD[b](#nt107){ref-type="table-fn"}                                                          
  ---------- ------------------------------------------------ ------------------------------------ ------------------------------------------ ----- ------ ------------------------------------------
  Variable                          B                                         SE B                                     β                        B    SE B                      β
  CNRep                            .40                                        .06                   .36[\*\*\*](#nt108){ref-type="table-fn"}   .29   .13                      .21
  PT                               .42                                        .05                   .48[\*\*\*](#nt108){ref-type="table-fn"}   .53   .07    .45[\*\*\*](#nt108){ref-type="table-fn"}

*Adj R^2^*  =  .51

*Adj R^2^*  =  .33

*p* \< .001

The model for children with a history of SLI was significant, *F*(2, 186)  =  99.325, *p* \< .001, and explained 51% of the variance in sentence repetition score (a large effect size, f^2^  =  1.07). Both memory (*p*\<.001) and morphological abilities (*p*\<.001) were significant explanatory factors in sentence repetition performance in children with a history of SLI at 11 years.

For TD children, the model was also significant, *F*(2, 72)  =  19.167, *p* \< .001, and explained 33% of the variance in sentence repetition with a large effect size (f^2^  =  .53). However, morphological knowledge was the only significant predictor variable (*p*\<.001). Specifically, phonological short term memory did not make a significant contribution to the prediction of sentence recall in 11-year-old children with typical development, whereas morphological abilities did.

Discussion {#s5}
==========

This study provides new evidence for the key association between memory difficulties and language functioning in children with a history of SLI in middle childhood. The investigation highlights the contrast between these results and the findings with typically developing children for whom basic phonological memory processes do not appear to be as crucial at this stage of development. This study also extends previous research by demonstrating the value of sentence repetition as an indicator of language functioning in different subgroups of children with a history of SLI.

Sentence Repetition and Subgroups of Children with a History of SLI {#s5a}
-------------------------------------------------------------------

Consistent with previous research, sentence repetition was found to be sensitive as a marker of different subgroups of children with a history of SLI [@pone.0056314-ContiRamsden1] [@pone.0056314-Archibald2]--[@pone.0056314-Bishop2] [@pone.0056314-ContiRamsden2]. Children with a history of SLI in middle childhood were found to perform more poorly than typically developing peers regardless of whether they had current or resolved receptive language difficulties.

We also extend the research design of studies in this area by including children with varying levels of nonverbal cognitive skills. In this investigation, we provide new evidence that sentence repetition is problematic for children with current SLI with typical nonverbal skills as well as those with low nonverbal abilities. The pattern of their performance were similar, children with NSLI performing somewhat more poorly than children with SLI and typical nonverbal skills. These findings are consistent with previous research demonstrating similar, albeit poorer performance of children with NSLI versus SLI in areas such as speech of processing [@pone.0056314-Miller1] and grammaticality judgements [@pone.0056314-Miller2]. As would have been expected from previous research, difficulties with sentence repetition were also observed in children whose receptive language difficulties appeared resolved, who were performing within expectation for their age in standardised language assessments, and who had varying levels of nonverbal abilities. Together, the evidence suggests that, at least in middle childhood, level of nonverbal abilities is not a key factor in the performance of children in sentence repetition tasks. Our findings are consistent with evidence that nonverbal abilities do not correlate strongly with sentence repetition [@pone.0056314-ContiRamsden1] [@pone.0056314-Bishop2] [@pone.0056314-Rice2].

Sentence repetition produced a large effect size between subgroups of children with a history of SLI and their typically developing peers. On average, all children with a history of SLI, regardless of their verbal or non-verbal profiles were performing more than one standard deviation below the mean on the recalling sentence task. Such difficulties are striking. In addition, it is important to note that previous research with the Manchester Language Study has also directly compared sentence repetition with other markers of SLI. Of four potential markers investigated by Conti-Ramsden et al. [@pone.0056314-ContiRamsden1] (the others being past tense provision, third person singular use and nonword repetition as measured by CNrep), sentence repetition showed the best combination of sensitivity and specificity in categorising children into SLI or TD groups. The findings of previous research and the results of the present study taken together suggest that sentence repetition is currently the best individual marker for SLI. This evidence suggests that future research examining the potential of recalling sentences as an endophenotypical marker of SLI is warranted.

Factors Affecting Sentence Repetition Performance in Middle Childhood {#s5b}
---------------------------------------------------------------------

It has been suggested that the effectiveness of sentence repetition in detecting SLI may well lie in its multifactorial nature, as the task is likely to involve both short and long term memory systems, as well as grammatical competence [@pone.0056314-ContiRamsden1] [@pone.0056314-Poll1]. What this study has clarified is that processes involved in language production are taxing of PSTM for individuals with a history of SLI in middle childhood in a way that does not appear to apply to TD children of the same age, at least within the context of the instruments and analyses used in this study. Memory abilities were a significant predictor of sentence repetition performance in individuals with a history of SLI.

In early childhood, PSTM appears to be implicated in language development. Gathercole and Baddeley [@pone.0056314-Gathercole4] in their longitudinal study of typically developing 4 to 5 year old children demonstrated that PSTM as measured by nonword repetition accounted for a significant amount of variance in expressive language performance. Although comparisons across the present study and that of Gathercole and Baddeley [@pone.0056314-Gathercole4] need to proceed with caution given the differences in the samples and instruments, these data are suggestive of developmental changes that may be taking place from early to middle childhood in children. A changing pattern of relative strength of predictors has also been seen in the nonword repetition of TD children [@pone.0056314-Rispens1].

What may these developmental processes entail? The model of memory proposed by Baddeley [@pone.0056314-Baddeley2] suggests there is likely to be a reciprocal relationship between language attainment and PSTM. Thus, it may be the case that when confronted with a sentence repetition task, TD children in middle childhood can rely more heavily on their grammatical or other linguistic knowledge to process the sentences and recall them. The knowledge they have attained may support their performance. It may help them chunk sentences into fewer and more easily processable units or to map them onto more predictable structural representations, leading to a reduction in PSTM load. This does not appear to be the case for children with a history of SLI in middle childhood. Children with a history of SLI may not have developed strong enough representations to facilitate the task of sentence recall [@pone.0056314-Riches1]. Thus, children with a history of SLI may not be able to rely as much on the predictability of sentence structures to chunk sentences, thus having to process or recall the sentence as a whole which is more demanding of PSTM. These suggestions highlight the need for more direct investigation of potential longitudinal relationships and developmental processes that may be affecting the language performance of children with and without SLI.

Limitations and Clinical Implications {#s5c}
-------------------------------------

This investigation used a single task, CNrep, to assess the role of PSTM in performance in the recalling sentence task. It is important to note that in terms of cognitive loading, the CNrep places high demands on auditory speech perception and production and arguably lower demands on PSTM in comparison to other verbal memory tasks such as digit-span. Thus, the use of a single task to assess the role of PSTM loading in SLI is a limitation of this investigation. Further research is needed to establish whether the issue at stake in SLI is PSTM rather than more fundamental perceptual or production difficulties.

This study used the relatively coarse error scoring system as described in the test protocol for the recalling sentences task. Thus, the evidence presented is typical of that gained in clinical practice and is informative of factors involved in the general performance in this task; it does not allow us to identify the specific aspects of sentence repetition that are most vulnerable for children with SLI. More detailed error analyses are warranted. However, the sentence repetition task used here and most commonly used in practice, does not lend itself to this type of analysis because it is graded in sentence length and complexity and has a stopping rule resulting in children having different number of sentences of different complexities; not an adequate basis for error analysis.

This investigation focused on only two predictor tasks: nonword repetition and past tense affixation. Consideration of more complex models which examine other influencing variables and potential mediating factors such as complex working memory [@pone.0056314-Riches2], other forms of lexical knowledge [@pone.0056314-Gathercole2] or reading skills [@pone.0056314-Baird1] would provide valuable information as to the nature of the relationships among these areas of functioning.

What this study does provide is further evidence of the value of sentence repetition as a marker of SLI. Sentence repetition abilities in middle childhood appear to be able to signal difficulties in different subgroups of children with SLI. This evidence points to the clinical utility of sentence repetition as a potentially informative assessment and/or screening instrument at this important stage of development when, in many education systems, children are about to make the transition from primary to secondary schooling.

Marker tasks which also provide insight into differences between affected and unaffected individuals in terms of the resources they use to perform a task, are valuable not only in developing our understanding of the disorder but for informing approaches to intervention. In this investigation, evidence is provided for the longer term sequelae of language difficulties and their likely impact on memory resources and how children process linguistic information in middle childhood. Should phonological working memory therefore be considered a target for intervention? A meta-analysis of current research on working memory training [@pone.0056314-MelbyLervg1] suggests there are reliable short-term improvements in working memory skills after intervention with children and adults (in both typical and clinical samples). However, there is little evidence of transfer effects from working memory training to other skills, including verbal ability. Furthermore, there is good evidence that treatment involving direct training of language skills is effective [@pone.0056314-BowyerCrane1]. The key clinical implication of these findings is that any memory intervention with children with SLI should be done *in conjunction with* explicit language training.
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